We developed a unique acousto-optic imaging system for in-situ measurement of high temperature distribution on micron-size specimens. The system was designed to measure temperature distribution inside minerals and functional material phases subjected to high pressure and high temperatures in a diamond anvil cell (DAC) heated by a high powered laser.
Introduction
The laser-heated diamond-anvil cell (LH-DAC) is the only experimental tool able to create extreme static pressures (P > 6100 GPa) and temperatures (T > 6000 K) and therefore has had a major impact on high-pressure physics, geophysics, research and geophysics. In 1968 Taro Takahashi and William Basset observed a phase transition that resulted from laser heating under pressure in a diamond anvil cell. Using a ruby laser, they successfully converted graphite to diamond Bassett (2001) . The first paper on laser heating, Application of the YAG laser by Ming and Bassett (1974) , made it possible to convert (Fe,Mg) 2 SO4 into (Fe,Mg)O + SO 2 (stishovite). Now, the LH-DAC is one of the most fundamental tools in the arsenal of high-pressure mineral physics research as it is the only device that can access the entire range of pressures and temperatures encountered in the Earth's interior, Jephcoat and Besedin (1996) .
In geophysics, the LH-DAC is the only experimental tool able to create extreme static pressures (P > 600 GPa) and temperatures (T >3000 K) and therefore it has had a significant impact on high-pressure research and geophysics, Dubrovinsky, Glazyrin et al. (2009) .
In materials science the LH-DAC is widely used for studying phase transition in materials under high pressure and high temperatures and for the high-pressure, high-temperature synthesis of new materials Takemura, Yusa et al. (1997) . Recently, several hetero-diamonds have been synthesized under high pressure and high temperatures. For instance, the cubic BC 3 phase was obtained at high temperature (2000-2230 K) and high pressure (45-50 GPa) in a DAC, Zinin, Ming et al. (2012) . Figure 1 shows an optical image of the laser heating of the graphitic BC 3 phase in a DAC at 50 GPa and at 2000 K, which was conducted at the University of Hawaii. Laser heating is based on the principle of absorption of infrared laser light by the sample after the light has passed through one or both of the diamonds (Fig. 2) . When laser heating is used, the pressure and temperature limitations due to the temperature-induced failure of diamonds and mechanical parts are no longer a problem. Temperatures up to several thousand degrees and pressures up to megabars have been achieved Prakapenka, Kubo et al. (2008) . Temperature is calculated from the radiation emitted from a material heated by the laser (Fig. 1 ) using Planck's blackbody equation. If a regular spectrometer is used to measure radiation emitted from a heated material then such measurements only provide the temperature of the heated spot averaged over the area of the heated spot (Fig. 1 ).
Temperature measurements using Plank's law
Temperature is calculated from the radiation emitted from a material using Planck's blackbody equation Jephcoat and Besedin (1996) :
where I T is the spectral intensity, ε is emissivity, λ is wavelength, c 1 and c 2 are physical constants, and T is temperature. If the emissivity of the material is independent of wavelength it will equal one or less depending on the material (i.e., a blackbody, where ε = l, or more likely a grey body, where ε < l). For convenience, the Wien approximation can be used to simplify the data processing; this introduces negligible error below 4000 K Campbell (2008) . The temperature can then be calculated using Wien's approximation to Planck's law:
where J = ln(I( ) λ 5 /c 1 ) and ω = c 2 /λ. Thus, a linear fit to a spectrum transformed to coordinates of J and ω yields both temperature (inverse slope) and emissivity (y-intercept). The measured spectral intensity I( ) is severely distorted relative to the actual spectral radiance due to the wavelength dependence of detector quantum efficiency and interferences in the optical pathway radiance (e.g., multiple reflections and absorption in the YAG mirror and beam splitters). To eliminate this distortion, the sample spectral intensity is corrected using a standard lamp of known spectral radiance.
The method described above works perfectly for a uniform temperature distribution. However, the temperature under laser does not have an uniform distribution. Several techniques were proposed to measure temperature distribution in specimen heated by laser. A new spectroradiometry system specialized for measuring twodimensional temperature gradients for samples at high pressure in the laser heated diamond anvil cell has been designed and constructed by Kavner and Nugent (2008) . Campbell's two-dimensional temperature mapping of laser heated diamond anvil cell samples is performed by processing a set of four simultaneous images of the sample, each obtained at a narrow spectral range in the visible to near infrared, Campbell (2008) . The disadvantage of this system is that it is requires serious efforts to align the system because images obtained at different wave lengths should be in perfect coexistence. Because of that the multispectral imaging radiometry system has been installed in only a few laboratories. In this study, we report on the development of a novel multispectral imaging radiometry (MIR) system to measure 2-dimensional temperature distribution over the surface of an inspected object. The key component of the MIR system is an imaging acousto-optic tunable filter (AOTF) synchronized with a CCD camera. The use of the AOTF for the temperature measurement averaged over a heated specimen was proposed by Balakhov, Korobov et al. (1972) . Figure 3 illustrates the scheme of the device. The microscopic objective 2 forms the image of the heated specimen, which is denoted as 1. The image is transmitted through AOTF, which consists of two crossed polarisers 3, 5 and wide-angle AO cell 4. Lens 6 on the CCD sensor of the digital camera focuses spectrally selected light. The wavelength of the AOTF can be tuned within the range 700-1000 m interactively by setting the ultrasound frequency f via high-frequency (HF) generator and the amplifier controlled from the PC. Wide-angle configuration of AOTF was chosen in order to provide an effective image transmission with angular aperture 3° and small image spatial and spectral distortions, Pozhar and Machihin (2012) . An additional optical coupler, the microscopic objective 2, is used to reduce the image's brightness or saturation at the periphery compared to the image center, Machihin and Batshev (2014) .
Temperature calibration of this MIR system has been done by registering the radiation of the halogen lamp, with precisely known emissivity, and spectral curve close to Planck's equation (1) at T = 1726 K. Figure 3 illustrates one of the spectral images ( = 750 nm) of the test-object (filament lamp spiral) and the algorithm of its processing. The spectral curve in a particular pixel, after correction with the help of calibration data and fitting to the closest Planck's curve I T , allows measurement of the temperature T in this pixel.
Conclusions
It was demonstrated that the use of an imaging AOTF synchronized with a CCD camera allows measurement of the temperature distribution over the surface of an inspected object and can be applied for thermal control of a specimen in a LH-DAC setup. 
